A Gram-reaction-positive bacterial isolate, designated Tü 6233 T , with rudimentary, coral-pink vegetative mycelium that formed neither aerial mycelium nor spores, was isolated from a Brazilian soil sample. Chemotaxonomic and molecular characteristics of the isolate matched those described for members of the genus Geodermatophilus. Cell-wall hydrolysates contained mesodiaminopimelic acid as the diagnostic diamino acid and galactose as the diagnostic sugar. The major fatty acids were iso-C 16 : 0 , iso-C 15 : 0 and C 17 : 1 v8c and the predominant menaquinone was MK-9(H 4 ). The polar lipids consisted of diphosphatidylglycerol, phosphatidylethanolamine, hydroxyphosphatidylethanolamine, phosphatidylinositol, an unknown glycophospholipid and an unknown phospholipid. The DNA G+C content of the strain was 75.4 mol%. The 16S rRNA gene sequence identity with members of the genus Geodermatophilus was 94.2-98.7 %. Based on phenotypic, chemotaxonomic and phylogenetic data, strain Tü 6233 T is proposed to represent a novel species, Geodermatophilus brasiliensis sp. nov., with the type strain Tü 6233 T (5DSM 44526 T 5CECT 8402 T ).
The family Geodermatophilaceae was initially proposed almost 20 years ago by Normand et al. (1996) and, a decade later, Normand (2006) formally described the family, the description of which was later emended by Zhi et al. (2009) to include the genera Blastococcus Ahrens and Moll 1970 (Approved Lists 1980) and Modestobacter Mevs et al. 2000, in addition to the designated type genus Geodermatophilus Luedemann 1968 (Approved Lists 1980 . Most species of the genus Geodermatophilus have been isolated from arid soils, although some have also been isolated from rhizospheric soils and lake sediments. Representatives of the genus Geodermatophilus are characterized by the presence of a rudimentary mycelium, MK-9(H 4 ) as the major menaquinone and meso-diaminopimelic acid as the diagnostic diamino acid (Normand & Benson, 2012) . Technical difficulties in culturing novel isolates (Urzì et al., 2004) hampered the study of the genus Geodermatophilus for many years, so that the type species, Geodermatophilus obscurus, and four subspecies whose names have not been validly published, 'G. obscurus subsp. amargosae', 'G. obscurus subsp. utahensis', 'G. obscurus subsp. dictyosporus' (Luedemann, 1968) and 'G. obscurus subsp. everesti' (Ishiguro & Fletcher, 1975; Normand & Benson, 2012) , remained the only representatives of the genus in the literature. This has changed dramatically in the last 3 years, when technical limitations were overcome and not only the first genome of a strain from the genus was sequenced, that of G. obscurus G-20, by Ivanova et al. (2010) , but 12 novel species have been assigned to the genus (in date order of effective publication): Geodermatophilus ruber (Zhang et al., 2011) , G. nigrescens (Nie et al., 2012) On: Sun, 09 Jun 2019 06:56:06 (Montero-Calasanz et al., 2013f) and G. taihuensis (Qu et al., 2013) . Recently, Geodermatophilus amargosae (Montero-Calasanz et al., 2014a, b) was described in detail to elevate 'G. obscurus subsp. amargosae' to species level. The number of species in the genus Geodermatophilus might continue to rise in the coming years, in the light of recent reports by Giongo et al. (2013) and Neilson et al. (2012) regarding the microbial diversity in arid and hyper-arid habitats, in which actinobacteria, and especially members of the family Geodermatophilaceae, are dominant. Also, characterization of type strains will advance rapidly in the near future through whole-genome sequencing of the type strains of all members of the genus Geodermatophilus through projects such as the Genomic Encyclopedia of type strains (Kyrpides et al., 2013) . This study describes the taxonomic position of a novel, fifteenth species of the genus Geodermatophilus based on a polyphasic approach.
A soil sample composed of sandy (approx. 70 %) and finer (silt-clay) (approx. 30 %) portions was collected at São José do Rio Preto, state of São Paulo, Brazil (20 u 469 390 S 49 u 219 350 W; 530 m above mean sea level). It was airdried at room temperature and stored at 220 u C prior to isolation experiments. Two grams of soil was incubated for 40 min at 60 u C and resuspended in 5 ml saline solution; 0.5 ml suspension was then added to 4.5 ml saline solution containing 1.5 % phenol (w/v). Some glass beads (0.4 mm) were added to the solution, followed by stirring for 30 min at 30 u C. The suspension was then filtered through sterile glass wool and plated by serial dilution onto HV agar plates (Hayakawa & Nonomura, 1987) containing nalidixic acid (20 mg ml 21 ), cycloheximide (50 mg ml 21 ), nystatin (50 mg ml 21 ) and gentamicin (10 mg ml 21 ). After 14 days at 27 u C, colonies that appeared were collected and transferred onto fresh ISP 2 (Shirling & Gottlieb, 1966) and HV agar plates. The isolated strain was designated Tü 6233 T .
To determine morphological characteristics, strain Tü 6233 T was cultivated on GYM Streptomyces medium (DSMZ medium 65). Colony features were observed after 4 and 15 days under a stereomicroscope according to Pelczar (1957) . Exponentially growing bacterial cultures were observed with an optical microscope (Zeiss AxioScope A1) at 6100 magnification with phase-contrast illumination. For micrographs of bacterial cells, strain Tü 6233 T was grown on ISP2 medium for 7 days and fixed in 2.5 % glutaraldehyde in 100 mM cacodylate buffer at 28 u C for 1 h, followed by rinsing in fresh 100 mM cacodylate buffer for 10 min and then in distilled water. This material was dehydrated using an ethanol series (30-100 % ethanol) and critical-point-dried with CO 2 , sputter-coated with gold and palladium (80 : 20) and examined in a Cambridge Stereoscan 250 Mk2 scanning electron microscope at 20 kV (Cambridge Scientific Instruments). The Gram reaction was assessed using the KOH test as described by Gregersen (1978) . Temperature-and NaCl-dependent growth rates were determined on plates of GYM medium from 10 to 50 u C at 5 u C increments and from 0 to 8 % NaCl at 1 % increments. The pH range for growth was investigated on modified ISP2 medium adjusted to pH 4.0-12.5 (in increments of 0.5 pH units) by adding NaOH or HCl. Utilization of carbon compounds and acid production were tested using GEN III microplates in an Omnilog device (Biolog) in comparison with the reference strains G. africanus DSM 45422 T , G. amargosae DSM 46136 T , G. arenarius DSM 45418 T , G. nigrescens DSM 45408 T , G. normandii DSM 45417 T , G. obscurus DSM 43160 T , G. ruber DSM 45317 T , G. saharensis DSM 45423 T , G. siccatus DSM 45419 T , G. soli DSM 45843 T , G. taihuensis DSM 45962 T , G. telluris DSM 45421 T , G. terrae DSM 45844 T and G. tzadiensis DSM 45416 T in parallel assays. The GEN III microplates were inoculated with cells suspended in a viscous inoculating fluid C provided by the manufacturer at a cell density of 94 % transmittance (T) for strain Tü 6233 T , at 70 T for G. amargosae DSM 46136 T , at 75-79 % T for G. africanus DSM 45422 T , at 90 % T for G. arenarius DSM 45418 T and G. taihuensis DSM 45962 T and at 80-83 % T for the remaining reference strains. Respiration rates (and growth) were measured over a total running time of 5 or 10 days, depending on the strain, in Phenotype Microarray mode at 28 uC. Data were exported and analysed using the OPM package for R (Vaas et al., 2012 (Vaas et al., , 2013 ) version 1.0.6. Each strain was studied in two independent repetitions. Reactions with different behaviour between the two repetitions were regarded as ambiguous. Additional physiological tests were performed according to Williams et al. (1989) .
The composition of peptidoglycan hydrolysates was examined by TLC as described by Staneck & Roberts (1974) . Whole-cell-wall sugars were prepared according to Cummins & Harris (1956) . Menaquinones were extracted by HPLC using the outline protocol described by Collins (1985) . Polar lipids were extracted, separated by two-dimensional TLC and identified according to procedures outlined by Minnikin et al. (1984) with modifications proposed by Kroppenstedt & Goodfellow (2006) . Peptidoglycan hydrolysates, whole-cellwall sugars, menaquinones and polar lipids were extracted from freeze-dried cells grown on GYM Streptomyces broth for 4 days at 28 u C. Extraction and analysis of cellular fatty acids were carried out from biomass grown on GYM agar plates held at 28 uC for 4 days, using the Microbial Identification System (MIDI) Sherlock version 4.5 (method TSBA40, ACTIN6 database) as described by Sasser (1990) . Annotation of the fatty acids in the ACTIN6 peak-naming table is consistent with IUPAC nomenclature (i.e. double-bond positions identified with reference to the carboxyl group of the fatty acid), but, for consistency with other publications, this has been altered to numbering from the aliphatic end of the molecule (i.e. 16 : 1 cis9 becomes 16 : 1v7c, etc.). Data were analysed using the extension of the OPM package for fatty acids. All chemotaxonomic analyses were conducted under standardized conditions with strain Tü 6233 T and cultures of the same set of reference strains listed above for biochemical characterization.
The G+C content of the chromosomal DNA of strain Tü 6233 T was determined by HPLC according to Mesbah et al. (1989) . Genomic DNA extraction, PCR-mediated amplification of the 16S rRNA gene and purification of PCR M. Bertazzo and others products were carried out as described by Rainey et al. (1996) . Purified PCR products were sequenced with Taq Dye Deoxy Terminator Cycle Sequencing kits (Applied Biosystems), as directed in the manufacturer's protocol. Phylogenetic analyses and the rooting of the resulting trees were conducted as described previously (Göker et al., 2011; Montero-Calasanz et al., 2013f) . Pairwise similarities were calculated as recommended by Meier-Kolthoff et al. (2013) . For DNA-DNA hybridization tests, cells were disrupted by using a Constant Systems TS 0.75 kW cell disruption system (IUL Instruments). DNA in the crude lysate was purified by chromatography on hydroxyapatite as described by Cashion et al. (1977) . DNA-DNA hybridization was carried out as described by De Ley et al. (1970) under consideration of the modification described by Huss et al. (1983) using a Cary 100 Bio UV/Vis spectrophotometer equipped with a Peltier-thermostatted 666 multicell changer and a temperature controller with in-situ temperature probe (Varian).
Cells of strain Tü 6233 T were Gram-reaction-positive and rod-shaped, showing cell mean dimensions of 0.261.8 mm. Individual cells, branched hyphae and structures resembling budding cells were observed. Hyphae fragmented into rodshaped elements that resembled arthrospores. Neither large aggregates forming multiocular sporangia nor zoospores were observed (Fig. 1) . Colonies were coral-pink, convex, circular and opaque with a smooth and brilliant surface and an entire margin. Substrate mycelium was rudimentary and aerial mycelium was not produced. Tü 6233 T grew best at 20-30 u C but did not grow below 15 or above 35 u C. Growth occurred in the presence of 1 % NaCl (w/v) and at pH 5.0-9.0 (optimum pH 6.5-8.5). Results from phenotype microarray analysis are shown as a heatmap in Fig. S1 (available in the online Supplementary Material) in comparison with the other type strains of the genus Geodermatophilus. A summary of selected differential phenotypic characteristics is presented in Table 1 .
Analysis of cell-wall components revealed the presence of DL-diaminopimelic acid (cell-wall type III), which is consistent with other species of the genus Geodermatophilus (Lechevalier & Lechevalier, 1970; Montero-Calasanz et al., 2014a) . Strain Tü 6233 T displayed primarily menaquinone MK-9(H 4 ) (66.1 %), in agreement with results reported for other members of the family Geodermatophilaceae (Normand, 2006) , but also MK-9(H 0 ) (13.1 %), MK-10(H 4 ) (7.5 %) and MK-9(H 2 ) (5.2 %). The total lipid pattern consisted of diphosphatidylglycerol, phosphatidylethanolamine, hydroxyphosphatidylethanolamine, phosphatidylinositol, an unknown lipid (L1) and, in minor concentrations, an unknown glycophospholipid, an unknown phospholipid and five more unknown lipids (L2-L6) (Fig.  S2 ). Major fatty acids were the saturated branched-chain acids iso-C 16 : 0 (22.6±0.1 %) and iso-C 15 : 0 (16.3±0.1 %) and the monounsaturated C 17 : 1 v8c (15.9±0.1 %), in agreement with the fatty acid patterns obtained for type strains of other species of the genus Geodermatophilus investigated in this study (Table 2 ). It is noteworthy that the fatty acid annotated as part of summed feature 4 is a single peak and shows an equivalent chain-length of 15.845, indicating the presence of iso-C 15 : 0 2-OH. This is in agreement with the observed polar lipid profile of strain Tü 6233 T . Whole-cell sugar analysis revealed galactose as the diagnostic sugar (Lechevalier & Lechevalier, 1970) , but also glucose, ribose and mannose.
The 16S rRNA gene sequence (1492 bp) of strain Tü 6233 T showed the highest degree of sequence similarity to those of the type strains of G. soli (98.7 %), G. terrae (98.4 %) and G. taihuensis (97.8 %). Strain Tü 6233 T was placed together with the other type strains of the genus Geodermatophilus within the same phylogenetic group, and separate from the other two genera of the family Geodermatophilaceae, by both maximum-likelihood and maximum-parsimony estimations. In addition, it was arranged as a phylogenetic sister group of G. soli, G. terrae and G. taihuensis with maximum support (Fig. 2) , leaving no doubt that the novel strain belongs to the genus Geodermatophilus and indicating that it could belong to a distinct species.
Similarities in 16S rRNA gene sequence between Tü 6233 T and closely related type strains indicated the need to prove the genomic distinctiveness of the type strain by DNA-DNA hybridization. Strain Tü 6233 T displayed DNA-DNA relatedness of 35.3±4.1 % with the type strain of G. soli and 37.1±4.4 % with the type strain of G. terrae. DNA-DNA hybridization of strain Tü 6233 T with the type strain of G. taihuensis was not conducted, based on the observations reported by Montero-Calasanz et al. (2014a) for other members of the genus Geodermatophilus and by Stackebrandt & Ebers (2006) and Meier-Kolthoff et al. acid, D-saccharic acid, p-hydroxyphenylacetic acid, L-lactic acid, citric acid, a-ketoglutaric acid, D-or L-malic acid, bromosuccinic acid, propionic acid, acetic acid or sodium formate. Acid is produced from N-acetyl-D-glucosamine, Nacetyl-b-D-mannosamine, N-acetyl-D-galactosamine, glycine proline, L-alanine, L-glutamic acid and L-serine, which can be used as sole nitrogen sources, but not from D-serine, D-or Laspartic acid, L-arginine or L-histidine. Positive for degradation of tyrosine and gelatin. Negative for reduction of nitrate and degradation of arbutin and allantoin. Melanin is not produced on tyrosine agar or on peptone-yeast extract-iron agar. NaCl is tolerated at up to 1 % (w/v). Best growth occurs at 20-30 u C and pH 6.5-8.5. The peptidoglycan in the cell wall contains meso-diaminopimelic acid as the diamino acid, with galactose as a diagnostic sugar compound. The predominant menaquinone is MK-9(H 4 ). The phospholipid profile is composed of diphosphatidylglycerol, phosphatidylethanolamine, hydroxyphosphatidylethanolamine, phosphatidylinositol, an unknown glycophospholipid and an unknown phospholipid. Cellular fatty acids consist mainly of iso-C 16 : 0 , iso-C 15 : 0 and C 17 : 1 v8c. M. Bertazzo and others
